Incidence and determinants of multiple morphologically distinct sustained ventricular tachycardias  by Wilber, David J. et al.
JACC Vol. 10, No, 3
September 1'I87:5H3-9!
ELECTROPHYSIOLOGIC STUDIES
Incidence and Determinants of Multiple Morphologically Distinct
Sustained Ventricular Tachycardias
DAVID J. WILBER, MD, MICHAEL J. DAVIS, MD, MARLON ROSENBAUM, MD,
JEREMY N. RUSKIN, MD, FACC, HASAN GARAN, MD·, FACC
Boston. Massachusetts
583
The incidence and determinants of multiple morpholog-
ically distinct ventricular tachycardias were examined
prospectively in 71 consecutive patients with at least one
documented spontaneous episode of sustained mono-
morphic ventricular tachycardia. Mean frontal and hor-
izontal QRS axes were determined from the 12 lead elec-
trocardiograms (ECGs) of 190 spontaneous and 352
induced tachycardias. Two or more morphologically dis-
tinct spontaneous tachycardias were observed in 19(43%)
of 44 patients who had at least two documented spon-
taneous episodes. In 43 (61%) of the 71 patients, multiple
morphologically distinct tachycardias were induced by
programmed ventricular stimulation. Overall, 57 (80%)
of the 71 patients had at least two morphologically dis-
tinct tachycardias.
Predictors of multiple tachycardia configurations were
Patients with sustained monomorphic ventricular tachycar-
dia often exhibit distinctly different QRS configurations when
electrocardiograms (ECGs) of separate episodes in a single
patient are compared (1-6). Differences in QRS configu-
ration, reflecting alterations in the pattern of global ven-
tricular activation, may result either from differences in the
direction of spread from a single site of origin or from the
existence of multiple distinct and widely disparate sites. The
results of endocardial activation sequence mapping during
ventricular tachycardia have not revealed a common mech-
anism; differences in QRS configuration between separate
episodes may be associated with either minimal or large
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selected by multivariate analysis from clinical and an-
giographic variables and were similar for both sponta-
neous and induced ventricular tachycardia: presence of
multiple previous myocardial infarctions (p = 0.032
spontaneous, p = 0.005 induced) and number of dif-
ferent antiarrhythmic drug treatments during which
ventricular tachycardia was documented (p = 0.0089
spontaneous, p < 0.0001 induced). These data demon-
strate that a large majority of patients with sustained
monomorphic ventricular tachycardia exhibit more than
one distinct QRS configuration when adequate ECG doc-
umentation of multiple episodes is obtained during dif-
ferent antiarrhythmic drug treatments. In individual pa-
tients, caution should be used in attributing clinical
significance to a single unique QRS configuration.
(J Am Coli CardioI1987;10:583-91)
(>5 em) differences in the site of earliest endocardial de-
polarization (5-7).
The incidence and clinical significance of multiple dis-
tinct tachycardia configurations in the same patient remain
poorly defined. Mason and Winkle (2) introduced the term
"nonclinical " to describe induced ventricular tachycardia
with a different QRS configuration from that observed dur-
ing spontaneous episodes. The induction of "rionclinical"
tachycardias was subsequently reported in 15 to 50% of
patients with a history of ventricular tachycardia who under-
went electrophysiologic testing (3,4,8-10). However, the
spontaneous occurrence of multiple morphologically distinct
tachycardias was recently reported by Miller et at. (5) in a
large proportion of patients with coronary artery disease and
refractory ventricular tachycardia who underwent directed
endocardial resection. This observation suggests that vari-
ation in QRS configuration between separate episodes of
ventricular tachycardia may not simply reflect laboratory
artifact.
The purpose of this study was to determine prospectively
the incidence of multiple morphologically distinct ventric-
ular tachycardias, both spontaneous and induced, in a het-
erogeneous population of patients presenting with sustained
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monomorphic ventricular tachycardia and undergoing elec-
trophysiologic evaluation. Whereas previous comparisons
of QRS morphology have been generally limited to the
analysis of 3 to 4 leads, in this study, the 12 lead ECG was
the sole basis of morphologic comparison among all epi-
sodes. We also sought to identify the relative importance
of several clinical and angiographic variables in predicting
the occurrence of multiple morphologically distinct ven-
tricular tachycardias in individual patients.
Methods
Patient selection. Seventy-one consecutive patients who
had at least one spontaneous episode of sustained mono-
morphic ventricular tachycardia documented by 12 lead
electrocardiogram (ECG), and who had inducible sustained
monomorphic ventricular tachycardia during programmed
ventricular stimulation, were included in the study. Com-
plete 12 lead ECGs from at least two different spontaneous
episodes were available in 44 patients. The study group
represented 63% of all patients with a clinical history of
sustained monomorphic ventricular tachycardia who were
referred for electrophysiologic evaluation; the remaining 37%
were excluded because of either the lack of a 12 lead ECG
during spontaneous ventricular tachycardia or the absence
of electrically induced sustained monomorphic ventricular
tachycardia. All electrically induced sustained monomor-
phic ventricular tachycardias had 12 lead ECG documen-
tation of morphology regardless of hemodynamic sequelae.
Electrophysiologic study. Written informed consent was
obtained from all patients before electrophysiologic testing.
Antiarrhythmic drug therapy was discontinued for at least
five half-lives before baseline electrophysiologic studies in
all patients except those recently treated with amiodarone.
Multipolar electrode catheters were inserted percutaneously
and positioned with fluoroscopic guidance in the high right
atrium, across the tricuspid valve and in the right ventricular
apex. Cardiac stimulation was performed with a constant
current programmable stimulator (Medtronics, model 5325).
Rectangular pulses of 2 ms duration were delivered at five
times diastolic threshold. One and two extrastimuli were
introduced during sinus rhythm and ventricular pacing at
multiple drive cycle lengths. If ventricular tachycardia was
not initiated, three extrastimuli were introduced during sinus
rhythm and ventricular pacing from the right ventricular
apex, followed by one to three extrastimuli at the right
ventricular outflow tract. The end point of stimulation was
the reproducible initiation (at least twice) of sustained mono-
morphic ventricular tachycardia unless direct current coun-
tershock was required to terminate the first induced tachy-
cardia. During baseline electrophysiologic study, ventricular
tachycardia was initiated by one or two extrastimuli at the
right ventricular apex in 62 patients, three extrastimuli at
the right ventricular apex in 7 patients and two extrastimuli
at the right ventricular outflow tract in 2 patients.
Serial electropharmacologic testing was performed in 55
patients (mean 2.2 drugs/patient). Pharmacologic suppres-
sion was defined as the inability to induce any ventricular
tachycardia (regardless of QRS configuration) at the same
site as that used for tachycardia induction during the baseline
study. In II patients, nonpharmacologic therapy was un-
dertaken without additional electrophysiologic testing (en-
docardial resection in 5, transcatheter electrical ablation in
4 and implantation of an automatic cardioverter-defibrillator
in 2). In five patients, the final antiarrhythmic regimen was
selected on the basis of ambulatory monitoring alone without
further electrophysiologic testing. A 12 lead ECG was ob-
tained during all episodes of induced ventricular tachycar-
dia.
Analysis of tachycardia morphology. A total of 542
episodes (190 spontaneous, 352 induced) of sustained
monomorphic ventricular tachycardia were documented by
12 lead ECG. In 66% of spontaneous and 69% of induced
episodes, the tachycardia was documented during treatment
with antiarrhythmic drugs. All ECGs were recorded at a
standard speed (25 mm/s) and amplitude (I mV/mm). Mul-
tichannel simultaneous recordings were obtained during all
induced episodes and in the majority of spontaneous epi-
sodes.
For each episode of ventricular tachycardia, the mean
frontal and horizontal axes were determined from the 12
lead ECG (Fig. I) by two independent observers using the
method of Chung (II). Estimation of mean axis in either
plane did not differ by > 30° between observers in 83% of
ECGs. In the remaining ECGs, interobserver differences of
30 to 45° were noted (predominantly in the horizontal plane)
and mean axis was determined by mutual agreement. In
each patient, the ECGs of all tachycardias were compared.
Two or more tachycardias were considered to have a similar
morphology if the mean frontal and horizontal axes differed
by <45°. Variation of frontal or horizontal axis beyond this
range was considered to represent a different distinct tachy-
cardia morphology.
Spontaneous or electrically induced ventricular tachy-
cardia after endocardial resection or transcatheter electrical
ablation was excluded from this analysis to eliminate alter-
ations in anatomic substrate as a cause of multiple mor-
phologically distinct tachycardias. Changes in QRS config-
uration associated with ventricular pacing during an established
tachycardia were also excluded from analysis. In each pa-
tient, all induced ventricular tachycardias considered for
analysis were initiated from a single right ventricular site.
Definitions. Sustained monomorphic ventricular Tachy-
cardia was defined as a ventricular tachycardia manifesting
beat by beat uniform surface electrocardiographic QRS con-
figuration that lasted at least 100 complexes or required
pacing, pharmacologic intervention or direct current coun-
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Figure I. Representation of electro-
cardiographic axes used in the deter-
mination of mean axis and classifica-
tion of QRS morphology.
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Table I. Clinical Characteristics of 71 Patients
Numbers in parentheses are percentages. lyeD = intraventricular
conduction defect; LY = left ventricular; LYEF = left ventricular ejection
fraction; SMYT = sustained monomorphic ventricular tachycardia.
to II years). No patient underwent programmed stimulation
within the first 6 weeks after myocardial infarction. Of 10
patients without coronary artery disease, 6 had primary myo-
cardial disease, 2 had previously undergone surgical cor-
rection of tetralogy of Fallot, I had rheumatic mitral re-
gurgitation and I had no evidence of structural heart disease.
The mean duration of ventricular tachycardia before the
initial electrophysiologic study was 17 months (range I week
to 12 years). In 45% of patients, only one or two sponta-
neous episodes of ventricular tachycardia (both documented
and undocumented morphology) had occurred before the
initial electrophysiologic evaluation. Patients who were ex-
cluded from the study because of lack of 12 lead ECG
documentation of spontaneous ventricular tachycardia mor-
tershock for termination. Multiple morphologically distinct
tachycardias were considered to be present when two or
more episodes of sustained monomorphic ventricular tachy-
cardia in the same patient had a different QRS configuration
by the criteria outlined previously. Clinical morphology re-
fers to the QRS configuration of any spontaneous ventricular
tachycardia. Nonclinical morphology refers to any QRS con-
figuration observed during electrically induced ventricular
tachycardia that was never documented during spontaneous
ventricular tachycardia. This definition of nonclinical mor-
phology refers only to the lack (perhaps fortuitous) of doc-
umentation of a similar morphology during spontaneous
ventricular tachycardia, and does not imply specific infor-
mation concerning clinical relevance or prognosis.
Statistical methods. Continuous data are presented as
mean values:±: I SD. Univariate comparisons were made
by unpaired t test or chi-square analysis as appropriate. To
adjust for interrelations among variables, and to minimize
the possibility of type I errors associated with multiple hy-
pothesis testing, patients with single and those with multiple
morphologically distinct tachycardias were compared by
multivariate analysis. After initial screening of univariate
comparisons between the two groups, significant indepen-
dent predictors of multiple tachycardia morphologies were
identified from the total group of variables by stepwise lo-
gistic regression (method of maximal likelihood estimation.
BMDP statistical software package 112]). A probability (p)
value <0.05 was considered significant.
Results
Clinical characteristics. Clinical and angiographic
characteristics of the 71 patients are summarized in Table
I. The majority of patients (86%) had coronary artery dis-
ease and remote myocardial infarction. In these patients,
the mean time from myocardial infarction to the first episode
of ventricular tachycardia was 59 months (range 2 weeks
Age (mean 4- SDI
Sex (male) (no. of patients)
History of SMYT (rno)
I to 2
3 to 12
>12
Previous episodes of SMYT (no.)
1 to 2
.' to 4
·4
LYEI' (mean ± SD)
IYCD
Coronary artery disease
Myocardial infarction
Anterior
Inferior
Multiple
LYancurysm
One vessel disease
No, of Patients
59 ± 12 (years)
5X (X2)
3'1 (55)
II (15)
21 (30)
32 (45)
14 (20)
25 (35)
32 ± 11'!r
37 (52)
61 (X6)
34 (56)
IX (2'1)
9 (15)
3'1 (64)
20 (33)
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The numbers in parentheses are percentages of the total study group.
'One or more.
phology did not significantly differ from the study group
with regard to clinical diagnosis (for example, the percent
of patientswithcoronaryarterydisease), numberof previous
myocardial infarctions or left ventricular ejection fraction.
Figure 2. Sustained ventriculartachycardia(VT) in a patient with
remote anterior myocardial infarction. A single morphology (a)
was observed duringtwo spontaneous ventricular tachycardias while
the patient was taking no antiarrhythmic therapy. During pro-
grammed stimulation in the absence of antiarrhythmic drugs, a
similar morphology was observed during one episode of induced
sustained monomorphic ventricular tachycardia, as well as a dif-
ferent morphology not previouslyseen (b). Ventricularstimulation
during procainamide therapy resulted in the exclusive induction
of a third morphology (c).
Table 2. Incidence of Multiple Morphologically
Distinct Tachycardias
Tachycardia Morphology
Single spontaneous (clinical)
Clinical morphology only induced
Clinical + nonclinical* morphologies induced
Nonclinical* morphologies only induced
Multiple spontaneous (clinical)
Clinical* morphologies only induced
Clinical* + nonclinical* morphologies induced
Nonclinical* morphologies only induced
Frequency
52 (73)
14 (20)
18 (25)
20 (28)
19 (27)
7 (10)
8 (II)
4 (6)
Incidence of multiple morphologically distinct tachy-
cardias (Table 2). In 52 patients (73%), a single mor-
phologywas observedduring all spontaneousepisodes (Fig.
2). Nineteen patients (27%) had multiple spontaneous mor-
phologies (Fig. 3); these patients constitute 43% of 44 pa-
tients who had more than one spontaneous episode docu-
mented by 12 lead ECG. In 43 patients (61%) at least two
morphologically distinct tachycardias were induced during
electrophysiologic testing. Overall, including both sponta-
neous and induced episodes, 57 patients (80%) had at least
two morphologically distinct ventricular tachycardias. Of
II patients who underwent nonpharmacologic treatment
without additional drug testing after the initial study, 8 (73%)
patientsmanifested multiplemorphologically distinct tachy-
cardias.
A total of178morphologically distinct tachycardias were
identified in 71 patients (1 to 6 per patient). Of 98 mor-
phologically distinct spontaneous tachycardias (clinical
morphologies), 57 (58%) were reproduced during electro-
physiologic testing. At least one clinical morphology was
reproduced during programmed cardiac stimulation in 47
(66%) of the 71 patients. Eighty additional distinct mor-
phoogies were observed only during programmed cardiac
stimulation, but were never documented spontaneously
(nonclinical morphologies). In 91% of induced episodes,
ventricular tachycardia was initiated by one or two extra-
stimuli introduced during sinus rhythm or ventricular pac-
I
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ing. There was no difference in the number of extrastimuli
that resulted in the induction of ventricular tachycardia with
a clinical compared or nonclinical morphology.
Role of antiarrhythmic treatment. In each patient.
ventricular tachycardia was documented during a mean of
3.1 distinct antiarrhythmic treatments (range I to 7). Dif-
ferences in QRS configuration of both spontaneous and in-
duced tachycardias were frequently noted after alterations
in antiarrhythmic therapy (Fig. 2 and 3). Although not all
drugs were associated with a unique tachycardia morphol-
ogy, there was a direct correlation between the total number
of distinct tachycardia morphologies observed in each pa-
tient and the total number of different antiarrhythmic treat-
ments during which ventricular tachycardia was documented
(r = 0.63, P < 0,01). Each antiarrhythmic drug, each
unique combination of drugs, and the absence of antiar-
rhythmic drug therapy were considered different treatment
conditions for this analysis.
Tachycardia cycle length. The mean cycle length of
spontaneous episodes of ventricular tachycardia was 386 ±
75 ms, and did not significantly differ from that of induced
episodes with a clinical morphology (383 ± 92 ms). How-
ever, the mean cycle length (349 ± 73 ms) of induced
ventricular tachycardias with a nonclinical morphology was
significantly shorter than that of spontaneous episodes (p <
0.01). As expected, concurrent antiarrhythmic therapy was
associated with significantly longer tachycardia cycle lengths
Figure 3. Sustained ventricular tachycardia (VT) ina patient with
remote inferior myocardial infarction. Three spontaneous mor-
phologically distinct tachycardias were documented, each during
a different antiarrhythmic treatment (a to c). During programmed
ventricular stimulation in the absence of antiarrhythmic therapy,
all induced tachycardias had a fourth morphology (d), not previ-
ously observed spontaneously.
in all three groups (Fig. 4). Although episodes with similar
morphologic features often had identical cycle lengths, large
differences in cycle length between morphologically similar
tachycardias were also observed (Fig. 2a). In addition, ma-
jor alterations in the QRS configuration were not invariably
associated with differences in tachycardia cycle length (Fig.
3c,d).
Determinants of multiple tachycardia morphologies.
Predictors of multiple morphologically distinct ventricular
tachycardias were identified by multivariate analysis. Be-
cause of potential differences in the variables that influence
the occurrence of spontaneous as opposed to electrically
induced multiple morphologies, a separate analysis was per-
formed for each,
Clinical variables included in the analysis were age,
gender, duration of the history of ventricular tachycardia,
number of previous episodes of ventricular tachycardia,
number of previous myocardial infarctions (none, one, mul-
tiple) and the presence of intraventricular conduction defects
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p Value
0.032
0.0089
NS
NS
NS
NS
NS
NS
0.0414
NS
<0.0001
<0.0001
NS = not significant (p > 0.05); other abbreviations as in Table I.
Predictors Identified by Multivariate Analysis
No. of previous myocardial infarctions
No. of different antiarrhythmic treatments during
documented spontaneous SMVT
Univariate Comparisons
Variable
Age
Sex
No. of previous myocardial infarctions
Previous duration of SMVT
Presence of [VCD
Presence of coronary artery disease
Left ventricular ejection fraction
Presence of ventricular aneurysm
No. of documented spontaneous episodes
No. of different antiarrhythmic treatments during
documented spontaneous SMVT
Table 3. Predictors of Spontaneous Multiple
Tachycardia Morphologies
I 65 66 54 !
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ogies induced during programmed ventricular stimulation
are presented in Table 4. Patients with multiple morpho-
logically distinct induced tachycardias more frequently dem-
onstrated multiple remote myocardial infarctions, obstruc-
tive coronary artery disease and depressed left ventricular
function. These patients also had a larger number of induced
episodes during a greater number of different antiarrhythmic
treatments. Similar to the analysis of multiple spontaneous
morphologies, only the number of previous myocardial in-
farctions (p = 0.005) and the number of different antiar-
Figure 4. Mean cycle length of ventricular tachycardia (VT):
spontaneous (open bars), induced clinical (speckled bars) and
induced nonclinical (shaded bars). The thin vertical lines rep-
resent one SO. AAO = antiarrhythmic drug therapy.
during sinus rhythm (QRS width 2: 120 ms). Angiographic
variables included the presence of obstructive coronary ar-
tery disease (>50% luminal narrowing of at least one vessel),
left ventricular ejection fraction and the presence of a ven-
tricular aneurysm as defined by ventriculography. Because
the probability of observing multiple tachycardia morphol-
ogies in a given patient may depend on the total number of
documented episodes available for comparison, this number
was also included as a separate variable in the overall anal-
ysis. The final variable incorporated in the multivariate model
was the number of different antiarrhythmic treatments dur-
ing which 12 lead ECG documentation of ventricular tachy-
cardia was obtained.
Predictors of spontaneous multiple ventricular tachy-
cardia morphologies are presented in Table 3. Univariate
comparisons revealed that patients with multiple sponta-
neous episodes of morphologically distinct tachycardia had
a lower left ventricular ejection fraction and had spontaneous
ventricular tachycardia documented during a greater number
of different antiarrhythmic treatments. Not surprisingly, these
patients also had a greater number of spontaneous episodes
documented by 12 lead ECG available for analysis. How-
ever, multivariate analysis identified only the number of
previous myocardial infarctions (p = 0.032) and number
of different antiarrhythmic treatments (p = 0.0089) as sig-
nificant and independent predictors of multiple spontaneous
episodes of morphologically distinct ventricular tachycar-
dia.
Predictors of multiple ventricular tachycardia morphol-
Table 4. Predictors of Induced Multiple
Tachycardia Morphologies
Variable
Univariate Comparisons
Age
Sex
No. of previous myocardial infarctions
Previous duration of SMVT
Previous frequency of SMVT
Presence of [VCD
Presence of coronary artery disease
Left ventricular ejection fraction
Presence of ventricular aneurysm
No. of induced episodes
No. of different antiarrhythmic treatments during
documented induced SMVT
Predictors Identified by Multivariate Analysis
No. of previous myocardial infarctions
No. of different antiarrhythmic treatments during
induced SMVT
Abbreviations as in Tables I and 3.
p Value
NS
NS
0.0016
NS
NS
NS
0.0345
0.01 [4
NS
<0.0001
<0.0001
0.005
<0.0001
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rhythmic treatments during which ventricular tachycardia
was induced (p < 0.0001) were identified as independent
predictors of the occurrence of multiple distinct induced
tachycardias.
Pharmacologic suppression. Of 55 patients who under-
went serial electropharmacologic testing, inducible ventric-
ular tachycardia (regardless of QRS configuration) was suc-
cessfully suppressed by antiarrhythmic therapy alone at the
time of hospital discharge in 15 patients (27%). Suppression
was achieved in 5 (36%) of 14 patients who displayed a
single tachycardia morphology during all spontaneous and
induced episodes, and 10(24%) of 41 patients with multiple
morphologically distinct spontaneous or induced tachycar-
dias (p = NS).
Discussion
Incidence. This study demonstrates that the majority
(80%) of consecutive patients with documented sustained
monomorphic ventricular tachycardia referred for electro-
physiologic evaluation have the potential to manifest more
than one distinct QRS configuration during separate epi-
sodes of spontaneous or induced tachycardia. Previous stud-
ies of this phenomenon (1-10) have been limited to small
or selected groups of patients, and did not use quantitative
comparisons derived from a large number of ECG leads. In
a canine model of experimental myocardial infarction, Bardy
et al. (13) demonstrated that comparisons of QRS config-
uration in a limited number of body surface leads may often
be inadequate to differentiate distinct patterns of global ven-
tricular activation during separate episodes of sustained
monomorphic ventricular tachycardia.
In this study, 43% of patients with at least two electro-
cardiographically documented episodes of spontaneous ven-
tricular tachycardia had multiple distinct spontaneous tachy-
cardia morphologies. This is undoubtedly a conservative
estimate because complete ECG documentation of many
spontaneous episodes could not be obtained. However, a
similar incidence was recently reported by Miller et al. (5)
in patients with refractory ventricular tachycardia and re-
mote myocardial infarction who underwent endocardial re-
section.
In 6 I% of patients, multiple morphologically distinct
tachycardias, many of which had never been documented
spontaneously, were induced during electrophysiologic test-
ing. Morady et al. (8) found an increased incidence of both
clinical and nonclinical tachycardia morphologies in patients
with sustained monomorphic ventricular tachycardia when
three extrastimuli and multiple ventricular sites were em-
ployed during programmed stimulation. In a previous report
from this laboratory, we demonstrated the induction of an
increasing number of morphologically distinct ventricular
tachycardias when programmed stimulation was performed
from multiple left and right ventricular sites (14). However,
the frequency of multiple morphologically distinct induced
ventriculartachycardias in this study was not likely the result
of aggressive stimulation techniques. In all patients, stim-
ulation was limited to the same single right ventricular site,
and the vast majority of tachycardias were initiated by one
or two ventricular extrastimuli.
Clinical factors. The frequency of multiple morpholog-
ically distinct tachycardias was also unlikely to be a result
of bias in patient selection. Although patients referred for
electrophysiologic evaluation often have a long history of
drug-refractory ventricular tachycardia, 45% of the study
group had only one or two spontaneous episodes before
electrophysiologic study, including many who had received
no previous drug therapy. In addition, neither the frequency
of spontaneous episodes nor the duration of the history of
ventricular tachycardia before electrophysiologic study in-
fluenced the likelihood of observing multiple morphologies.
Finally, patients presenting with hemodynamically unstable
spontaneous ventricular tachycardia were less likely to have
12 lead ECG documentation and, hence, were less likely to
be included in the study. It is possible that our results are
more applicable to the patients with relatively slow spon-
taneous tachycardias because the excluded patients with rapid
and poorly tolerated ventricular tachycardias may differ in
their propensity for multiple tachycardia morphologies.
However, these patients did not differ significantly from the
study group with regard to other clinical variables.
Determinants of multiple tachycardia morphologies.
Previous investigators (5) suggested that patients with ex-
tensive myocardial scarring may be more likely to manifest
multiple tachycardia morphologies. Although patients with
multiple episodes of morphologically distinct tachycardia
had a greater degree of left ventricular dysfunction by uni-
variate analysis. the number of previous myocardial infarc-
tions was a more powerful predictor of multiple distinct
tachycardia morphologies in the multivariate model. Quan-
titative assessment of the extent and severity of regional
wall motion abnormalities may have provided more precise
predictive information.
Role o( different antiarrhythmic treatments. The most
powerful determinant of multiple morphologically distinct
ventricular tachycardias in a single patient was the number
of different antiarrhythmic treatments during which ven-
tricular tachycardia was documented. Although this finding
may simply reflect a greater refractoriness to drugs among
patients with such multiple tachycardias, we found no sig-
nificant difference in the likelihood of successful pharma-
cologic suppression among patients with single compared
withthosewithmultiple tachycardia configurations undergoing
serial electropharmacologic testing.
Depending on the site and magnitude of regional alter-
ations in conduction and refractoriness, individual antiar-
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rhythmic drugs may result in changes in the site of origin
or the subsequent pattern of global ventricular activation
during ventricular tachycardia. Systematic evaluation of
tachycardia morphology before and after antiarrhythmic drug
administration has been infrequently reported. Marchlinski
et al. (IS) observed induction of ventricular tachycardia
during oral or intravenous procainamide therapy that dif-
fered in QRS configuration from the tachycardia initiated
during the baseline electrophysiologic study in 60% of 33
patients. Induction of ventricular tachycardia with a differ-
ent configuration from that of the control study after oral
loading with amiodarone was noted in 32% of 34 patients
studied by Waxman and colleagues (16).
Spontaneous versus induced tachycardias. The deter-
minants of multiple morphologies were similar for spon-
taneous and induced tachycardias. This finding further sug-
gests that multiple morphologically distinct tachycardias
induced by programmed cardiac stimulation are not simply
laboratory artifacts. The higher observed frequency of mul-
tiple configurations during programmed stimulation may
simply reflect the more frequent ECG documentation of
ventricular tachycardia morphology in the laboratory. Al-
though induced "nonclinical" tachycardias had slightly shorter
cycle lengths than did induced tachycardias with morphol-
ogies also observed during spontaneous episodes, this find-
ing may partly be due to the less frequent ECG documen-
tation of morphology during rapid, poorly tolerated
spontaneous tachycardias before intervention.
Limitations. Although examination of the QRS config-
uration during sustained monomorphic ventricular tachy-
cardia may provide a means of discriminating between dif-
ferent patterns of global ventricular activation, the optimal
number and location of recording electrodes necessary to
accomplish this task are unknown. The 12 lead ECG has
the advantage of widespread availability and standardized
application, facilitating comparisons of both spontaneous
and electrically induced tachycardias. However, other elec-
trode configurations, particularly orthogonal leads (17), may
provide superior discriminating information.
Sufficient criteria for distinguishing similarand different
QRS configurations even with the use of standard 12 lead
recordings are unknown. Determination of mean frontal and
horizontal QRS axes has the advantage of summarizing body
surface activation in two perpendicular planes, rather than
relying on a limited number of lead by lead comparisons
(such as the frequent use of precordial lead V I to classify
ventricular tachycardia morphology according to right or
left bundle branch pattern). For example, comparison of the
tachycardias a and c of Figure 2 using lead V I alone would
fail to differentiate the markedly different pattern of pre-
cordial activation between the two tachycardias. The dis-
criminating criterion of 45° was selected to minimize errors
in classification due to interobserver variability and differ-
ences in lead placement from one patient to the next, and
may underestimate true differences in ventricular activation
sequence.
The method of analysis employed in this study does not
permit resolution of the clinical controversy regarding the
primacy of disparate sites of origin versus different spread
of activation from the same site of origin as the fundamental
cause of morphologic variation in sustained ventricular
tachycardia. Although attention to the initial 10 to 40 ms
QRS vectors may provide more useful information, we found
that accurate identification and classification of initial QRS
deflections were difficult and poorly reproducible given the
relatively low resolution of the standard 12 lead ECG. High
resolution body surface electrocardiography, in conjunction
with multiple simultaneous epicardial, intramural and en-
docardial recordings of local activation, may provide a more
definitive approach to this problem in future investigations.
Clinical implications. Most patients with sustained
monomorphic ventricular tachycardia display the potential
for multiple episodes of morphologically distinct tachycar-
dias under at least some conditions. Both the extent of
underlying structural myocardial abnormalities (presence of
multiple previous myocardial infarctions) and functional al-
terations in myocardial electrophysiologic properties sec-
ondary to antiarrhythmic therapy appear to increase the like-
lihood of observing multiple morphologically distinct
tachycardias in a single patient. The QRS configuration of
spontaneously occurring sustained monomorphic ventricular
tachycardia is frequently used as a standard to judge the
clinical relevance of tachycardias induced during pro-
grammed stimulation. The findings of this study have im-
portant therapeutic implications because they suggest that
such inferences may be unwarranted, particularly if there is
limited documentation of spontaneous tachycardia mor-
phologies and if differences in concurrent antiarrhythmic
therapy are not considered.
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